We present an original surgical approach -posterolateral thoracotomy -for hybrid stage I procedure. This is a review of prospectively collected data on patients treated for hypoplastic left heart syndrome (HLHS) using a hybrid approach (ns33) between December 2007 and March 2010. The hybrid approach includes pulmonary artery bands, a ductal stent through posterolateral thoracotomy access. Overall survival was 88.5%. Our original surgical approach in hybrid stage I on patients treated for HLHS can yield acceptable intermediate results that are comparable with a traditional Norwood strategy. Potential advantages of the lateral thoracotomy in the hybrid approach include the avoidance of median sternotomy, minimal postoperative pericardial adhesions, better access to patient ductus arteriosus (PDA) stenting, the possibility of visual and manual control of the stent position, and short operative time.
Introduction
The hybrid approach for the management of hypoplastic left heart syndrome (HLHS) has been developed as an alternative strategy that involves a less invasive initial procedure w1-4x; combining surgical techniques (branch pulmonary artery banding) and interventional cardiology techniques (stenting of the ductus arteriosus and balloon atrial septostomy), thereby shifting the risk of the major open heart surgery to an older age w5, 6x.
Materials and methods

Patient population
This study was approved by the Institutional Research Ethics Board at the Bakulev Center for Cardiovascular Surgery. Thirty-three patients underwent a hybrid stage I procedure between December 2007 and March 2010. These patients all have typical HLHS (aortic atresia or critical stenosis with mitral atresia or mitral stenosis). Patient's characteristics are listed in Table 1 .
In our center, since December 2007 there were four patients with initial classical Norwood strategy, no one declined surgery treatment and two newborns died before treatment (not included to this cohort). 
Methods
A curving skin posterolateral incision in the intercostal III space was made (4-7 cm). The muscle incision was larger than skin incision by 30-40%. In 32 cases the thoracotomy was in the left side, and in case (patient with dextrocardia) it was in the right side (Fig. 1) .
The pericardiotomy was made anterior to the left phrenic nerve, pulmonary arteries were surrounded by thread from the sinus transversus pericardii, left pulmonary artery was surrounded first towards the patient ductus arteriosus (PDA), then the right pulmonary artery in the space between aorta and superior cava vein, behind the pulmonary trunk.
Typically, there is a 10-point increase in systolic blood pressure and a 10-point decrease in oxygen saturation. We did not get an adequate contraction of the pulmonary arteries.
The diameter of threads (Ethibond 3y0 or lavsan) for pulmonary arteries bands was measured using as a reference the diameter of the bougie (Fig. 2) . The bougie was applied to the external surface of the each pulmonary artery and ligated by thread, then the bougie was removed from the ligature. The bougie depends on the patient's weight. We used a introducer 4F for patients from 1.5 to 2 kg, and introducer 5F for patients of more than 3 kg. The use of threads as a band minimizes the manipulation time of the surgeon with PA. We have no experience of using self-expandable or balloon expandable stents. The inner vessel lumen was equal of the bougie diameter. Once positioned the bands are tacked to the local adventitia. We banded the left PA first.
The hemodynamic changes are presented in Figs. 3 and 4.
Next we put in the PDA an appropriate sized stent through a sheath in the main PA using an angiographic control (Figs. 1 and 5). We feel that thoracotomy provides better stability for delivery of the ductal stent. We maintain that the angulation 308-408 from the line of pulmonary trunk goes to the PDA. The stent sizes are listed in Table 2 .
In most cases, the pericardium was sutured tightly. Our experience has shown a small number of pericardial adhesions.
Total operative time ('skin to skin') was 40-60 min.
Once we had a dislocation of stent to the descending aorta, where the stent was short and small. Due to the convenient transpleural approach we managed, under the manual control, to fix the stent and evacuated it safely.
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Results
A hybrid stage I was performed on 33 patients with HLHS at a median age of four days and a weight of 2.9 kg. Postoperative outcomes are shown in Table 3 . Fourteen patients received blood products. There was no clinical evidence of neurological impact. There was an 88.5% hospital survival.
There were four deaths. The first death occurred in a previously hemodynamically stable, extubated patient, the patient aspirated and developed a pneumonia leading to sepsis and multisystem organ failure. The second death was an unstable patient who had balloon atrial septostomy on postoperative day (POD) 7. We thought that there was an electrolyte imbalance and volume overload that caused congestive heart failure. One patient died from massive bleeding due to the rupture of the left atrial wall during balloon atrioseptosomy. One patient died of a necrotizing enterocolitis and a nosocomial infection.
After discharge the infants were followed every three to four weeks with cardiology assessment.
Echo is used to monitor for obstruction at the atrial septum or through the PDA stent, either antegrade down the descending aorta or retrograde into the transverse aortic arch. We will continue to follow our patients to specifically evaluate neurological, cardiac, and psychosocial measures of outcome. The patients are scheduled for stage II surgery at five to seven months of age. Five patients died during the I-II interstage period with an overall mortality of 17% (5y29). The reintervention rate was 6.8% (2y29). Balloon atrioseptosomy was required.
Comment
The results of the staged surgical palliation for HLHS have improved significantly over the years. Nonetheless, the overall morbidity and mortality of the initial Norwood procedure and its impact on the long-term success of the resulting Fontan circulation remain suboptimal. An alternative to the traditional Norwood approach is the hybrid approach for the management of HLHS w7-9x. The primary goal of the approach is to create a stable, balanced circulation without the use of open heart surgery (bypass, cross-clamp, circulatory arrest) with its associated risks in a neonate. The major open heart surgical procedure is thereby shifted to later in life to an age when a circulation in series can be established with a cavopulmonary anastomosis. Neonates with HLHS have a fragile central nervous system and the initial surgical repair, which includes placing them on CPB with the necessary deep hypothermic arrest, can lead to neurological injury w10x.
The use of the hybrid stage I procedure has the benefit of delaying the necessity of bypass until the brain is more developed. This delay may have the benefit of better longterm neurological outcomes. By shifting the age of the bypass, there may be a dramatic impact to the patient's neurological development.
The goal of the report is to present our first institutional experience with the hybrid approach, which is offered to all patients with HLHS. Our results of the hybrid stage I procedure indicate that low impact, low risk procedure, blood usage and inotropic support are rare, the ICU stay is short, and hospital survival is 88.5%.
Potential advantages of the lateral thoracotomy in hybrid approach are the avoidance of median sternotomy, minimal postoperative pericardial adhesions, better access to PDA stenting, the possibility of visual and manual control of the stent position; short operative time (40-60 min). In our experience, the use of threads after debanding (during the stage II palliation) allows for PA reconstruction and plasty to be avoided in 70% of cases.
The potential disadvantage of the thoracotomy approach the creation of adhesions which are vascularized and result in collateral vessel formation between the systemic arteries and the lung, but those vessels originated from internal thoracic artery or cervical trunk, not from the intercostal ones.
